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AWQ WDM with alignment waveguides and aligning apparatus 

Qr f rmg <AWG> 203 wav * te "# h division multiplBxer (WDM) that is provided flkh 
u '* es r 250 and an apparatus for aligning the AWG WDM. The WDM comprises functional 
TuTtXlrf 25 ahgnment waveguides. Signals distributed to the functional waveguides are WD 
SrSSSt !* mu,tip,e l xed bv means of th « AWG. but signals distributed to the alignment waveguides are 
mi JS^^ emprise star couplers 202, 204. The aligning apparatus comprises light source 300 

™ a I mea ^ring the Intensity of the light and control unit 310 which positions fibre blocks 
302, 304, 306 in order to maximise light intensity. 
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AWG WDM WITH ALIGNM ENT WAVTGUTDES AND ALIGNING APPARATUS 

BACKGROUND TO THE TNVPNTTHKr 
5 The present invention relates to an arrayed waveguide 
grating (AWG) wavelength division multiplexer (WDM) 
provided with alignment waveguides and an apparatus for 
aligning the AWG WDM. 

10 Generally, a waveguide type optical device when bonded to 
optical fibres should be aligned with those optical 
fibres so that it is practically useful in a transmission 
network. Typically, in the bonding and alignment of the 
optical devices, light is first incident on an input 

15 optical fibre array. Using the incident light, the input 
optical fibre array is then aligned with an input 
waveguide array of the optical device. Thereafter, an 
output optical fibre array is aligned with an output 
waveguide array of the optical device so as to' allow the 

2 0 light to be transmitted to two ports positioned at re- 
spective ends of the output optical fibre array. Detec- 
tion of the intensity of the light guided to the ports is 
then carried out. Based on the results of this detection, 
the relative position of each optical fibre array and the 

25 optical device is finely adjusted to find a position 
where light is transmitted with maximum intensity. At 
this position, the associated optical fibre array is then' 
bonded to the optical device. 

30 Fig. la illustrates a conventional WDM. Fig. lb is a 
cross -sectional view illustrating an optical fibre block 
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aligned with the WDM of Fig. la. 

The WDM shown- in Fig. la includes an input waveguide 
array 101, a first star coupler 102, an arrayed waveguide 
5 grating (AWG) 103, a second star coupler 104 and an 
output waveguide array 105. An optical fibre block shown 
in Fig. lb is aligned with and bonded to each of the 
input and output waveguide arrays 101 and 105. 

10 Where an optical device, such as the above mentioned WDM, 
is to be aligned with and bonded to an optical fibre 
block, it is necessary to align accurately the optical 
device and optical fibre block while taking into consid- 
eration the wavelength characteristics of the optical 
15 device to find an optimum bonding position. However, 
since the wavelength characteristics of the optical 
device may vary during the manufacture of that optical 
device, they must be determined prior to the alignment 
process. Furthermore, it is often necessary, to use a 
number of complex devices, for example, a number of light 



20 



sources . 



For a WDM as mentioned above, it is also important to 
monitor the optical signal transmitted through the WDM at 

25 an optical position of the WDM in real time. In a conven- 
tional monitoring method, signal information output from 
each port of the WDM is read to detect the wavelength of 
the optical signal. In accordance with this method, 
however, it is necessary to directly input, to a detec- 

30 tor, the optical signal output from the end of a trans- 
mission line or the output end of the WDM. For this 
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reason, it is impossible to achieve wavelength detection 
during transmission of the optical signal. 

SUMMARY OF THE INVENTION 
5 Therefore, an object of the invention is to address the 
shortcoming identified above. 

Accordingly, in a first aspect the present invention 
provides a WDM comprising means for distributing, optical 

10 signals received from a plurality of input waveguides to 
a plurality of output waveguides and a plurality of 
alignment waveguides, in which the signals distributed to 
the plurality of output waveguides are WD multiplexed or 
demultiplexed and the signals distributed to the plural- 

15 ity of alignment waveguides are not. . 

Preferably, the WDM comprises: 

means for distributing optical signals received from 
the plurality of input waveguides to a plurality of 
20 intermediate waveguides of different optical lengths and 
the plurality of alignment waveguides; and 

a plurality of output waveguides adapted to receive 
optical signals produced by interference between the 
outputs of the intermediate waveguides. 

25 

The plurality of intermediate waveguides may be of dif- 
ferent physical lengths. 



30 



Preferably, the output terminals of the plurality of 
intermediate waveguides are spatially arrayed and the 
output terminals of the plurality of alignment waveguides 
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are peripheral to the array of output terminals of the 
intermediate waveguides. For example, the output termi- 
nals of the plurality of intermediate waveguides and the 
plurality of alignment waveguides may be uniformly line- 
5 arly arrayed and the output terminals of the plurality of 
intermediate waveguides arrayed in order of optical 
length of the intermediate waveguides. 

in another aspect, the present invention provides, appara- 
10 tus for aligning, with a plurality of optical fibres, a 
WDM comprising means for distributing optical signals 
received from a plurality of input waveguides to a plu- ' 
loliLr of .« tp „i- wmmoii-iftoR and a plurality of alignment 

v <..ouidoel In viH1«:tt the aiqnale ji^t^fcuted to tno 

15 plurality of output waveguides are WD multiplexed ywr 

,j„ it-.^aw^ - — «« • - - : — -x- j^vv^KufoH m the Dlural- 

ity of alignment waveguides are noc, u« ^= 

prising : 

a light source; f "' 
a first optical fibre block having a plurality of 
optical tifiseo — -^-r»*-.«a to trancm-ih light emitted 

irom cue iia»^ «« *-»•- — distnhnting 

« P Mcal siqnais ot trie now «*» ^ P i»~i-it-v r»r inout 

waveguides; 

^ a second optical fibre block having a plurality of 

alignment optical riores «»a<»^ e a £~- .u 3 — ^ 
plurality of alignment waveguides of the WDM and a plu- 
rality of functional optical fibres adapted for alignment 
with tho plurality of output waveguides of the WDM; 

30 ine«»«» «or mu^u^ng rh fi Quantity of light output 

.nr. ali^nt ..pt-.ical fibres ot the second ^<-icol 
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fibre block; and 

a control unit for adjusting the positions of the 
first and second optical fibre blocks and the wavelength 
division multiplexer to respective positions at which the 
5 measured quantities of light are maximised. 

Preferably, the input terminals of the plurality of 
functional optical fibres are spatially arrayed and the 
input terminals- of the plurality of alignment., optical 
10 fibres are peripheral to the array of output terminals of 
the intermediate waveguides. For example, the input 
terminals of the plurality of functional optical fibres 
and the plurality of alignment optical fibres may be 
uniformly linearly arrayed. 

15 

BRIEF DESCRIPTION OF TFTE PRAWTMftft 

The present invention will now be described by way of 
example with reference to the accompanying drawings, in 
which: 

20 Fig. la illustrates a conventional WDM; 

Fig. lb is a cross-sectional view illustrating an 
optical fibre block aligned with the WDM of Fig. la; 

Fig. 2 illustrates an AWG WDM according to the pres- 
ent invention; 

25 Fig. 3a is a block diagram illustrating an apparatus 

for aligning the above mentioned WDM having alignment 
waveguides in accordance with xhe present invention; and - 
Fig. 3b is a cross- sectional view illustrating the 
second optical fibre block shown in Fig. 3a. 

30 



DETAILED DESCRIPTION 
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Fig. 2 illustrates an AWG WDM according to the present 
invention. As shown in Fig. 2, the WDM includes an input 
waveguide array 201, a first star coupler 202. an AWG 
203, a second star coupler 204, an output waveguide array 
5 205 and a plurality of alignment waveguides 250. 

The first star coupler 202 serves to distribute input 
light received from the input waveguide array 201. The 
AWG 203 allows optical waves emerging from the first star 

10 coupler 202 to have different phases. The second star 
coupler 204 serves to generate an interference among the 
optical waves with different phases, received from the 
AWG 203, thereby focusing those optical waves on differ- 
ent output positions. The focused optical waves are then 

15 output to the output waveguide array 205. 



20 



30 



The alignment waveguides 250 receive light emerging from 
the first star coupler 202 and guide the light received 
to an output terminal of the WDM irrespective of the 
wavelengths of the light. Accordingly, it is possible to 
detect the intensity of the light, transmitted irrespec- 
tive of wavelength, at the output terminal of the WDM. 
Although the intensity of the output light detected at 
the output terminal of the WDM exhibits a loss of about 
25 25 dB, as compared to that of the input light, this 
intensity is enough to be used for alignment of the WDM 
with -optical, fibres. The alignment waveguides 250 are- 
positioned at outermost positions on the output terminal 
of the WDM. Accordingly, where the WDM is aligned with 
optical fibre blocks using the alignment waveguides 250, 
the remaining waveguides are naturally aligned with those 
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optical fibre blocks. 

Since each alignment waveguide 250 directly outputs the 
light, received from the first star coupler 202, to the 
output terminal while preventing that light from passing 
through the second star coupler 204, the light emerging 
from the alignment waveguide 250 has information about 
all wavelengths of the light incident on the input 
waveguide array *2 01 ^ For example, where the WDM -operates 
as a wavelength divider, a signal composed of optical 
signals with different wavelengths is incident on the 
input waveguide array 201 and then distributed to the AWG 
203 and the alignment waveguides 250 at the output end of 
the first star coupler 202. Light emerging from the AWG 
2 03 interferes while passing though the second etaj 
coupler 2 04, so that light having different wavelengths 
are output from the output waveguide array 205. However, 
light passing through the alignment waveguides 250 are 
output with the entire wavelength information. 

Where the WDM operates as a wavelength coupler, light 
having different wavelengths is input to respective 
waveguides of the input waveguide array 201. This light 
is distributed to the AWG 203 and the alignment 
waveguides 250 at the output end of the second star 
coupler 202. The light emerging from the AWG 203 inter- 
feres while passing through the second star coupler 2 04,- 
so that it is output from the output waveguide array 205* 
with the entire wavelength information. Meanwhile, light 
passing through the alignment waveguides 250 travels to 
the output terminal of the WDM without any interference. 



From. Kirk Lewis To: Irwin Ostroff 



Date: 9/25/2003 Time: 4:57:38 PM 



Page 1 oil 



Accordingly, it is possible to detect the wavelengths of 
the light passing through the WDM by measuring the wave- 
lengths of the light at respective output ends of the 
alignment waveguides 250. 

5 

Fig. 3a is a block diagram illustrating an apparatus for 
aligning the above mentioned WDM having the alignment 
waveguides in accordance with the present invention. Fig. 
3b is a cross-sectional view illustrating a second opti- 
10 cal fibre block shown in Fig. 3a. 

As shown in Fig. 3a, the aligning apparatus includes a 
light source 300, a first optical fibre block 302, a WDM 
304, which is provided with alignment waveguides, a 
15 second optical fibre block 306. a measuring unit 308 and 
a control unit 310. The WDM 304 has the same configura- 
tion as that of the WDM shown in Fig. 2. The second 
optical fibre block 306 has the configuration shown in 
Fig . 3b . / 



20 



25 



30 



The optical fibre block shown in Fig. 3b includes an 
upper body 320. a plurality of functional optical fibres 
322 coupled to the output waveguide array of the WDM 304 
and a lower body 326 mounted with the optical fibres 322. 

The procedure of aligning the WDM using the above men- 
tioned aligning apparatus will now be described with- 
reference to Fig. 3a. In accordance with the aligning- 
procedure, light emitted from the light source 300 is 
incident on the WDM 304 after passing through the first 
optical fibre block 302. The incident light from the 



9 

first optical fibre block 302 is partially input to the 
alignment waveguides 250 shown in Fig. 2. The WDM 3 04 is 
coupled at its output terminal to the optical fibre block 
304. When alignment optical fibres 324, which are shown 
5 in Pig. 3b, are aligned with respective alignment 
waveguides, functional optical fibres 322 are automati- 
cally aligned with respective output waveguides of the 
WDM 3 04. The measuring unit 308 measures the intensity of 
light output from the alignment optical fibres 324. Based 

10 on the measured light intensity, the control unit 310 
controls the alignment of the first optical fibre block 
302, WDM 304 and second optical fibre block 306 with one 
another so that the intensity of the light output from 
each functional optical fibre 322 is identical to the 

15 measured light intensity. After completion of the align- 
ment, the aligned first optical fibre block 302, WDM St)4 
and second optical fibre block 3 06 are bonded together. 

The measuring unit 308 may also measure respective wave- 
20 lengths of light output from the alignment optical fibres 
324. 

As is apparent from the above description, the present 
invention provides an optical waveguide device, such as 

25 an AWG WDM, which is provided with alignment waveguides, 
to be used upon coupling the optical waveguide device to 
optical fibre blocks, in addition to waveguides required, 
for the achievement of desired functions, so that it can' 
achieve a desired alignment irrespective of the achieve - 

30 ment of those functions. Accordingly, it is unnecessary 
to know the operational characteristics of individual 
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devices and easy and rapid alignment and bonding can be 
achieved. In addition, the configuration of the aligning 
and bonding device can be simplified. In accordance with 
the present invention, the operating wavelength of the 
S optical wavelength device can be determined by detecting 
the wavelength of the light output from each alignment 
waveguide. Accordingly, it is simple to determine whether 
the optical waveguide device is operating normally. 
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CLAIMS 

1. A WDM comprising means for distributing optical 
signals received from a plurality of input waveguides to 

5 a plurality of output waveguides and a plurality of 
alignment waveguides, in which the signals distributed to 
the plurality of output waveguides are WD multiplexed or 
demultiplexed and the signals distributed to the plural- 
ity of alignment' waveguides are not. 

10 

2. A WDM according to claim 1 comprising: 

means for distributing optical signals received from 
the plurality of input waveguides to a plurality of 
intermediate waveguides of different optical lengths and 
15 the plurality of alignment waveguides; and ^ 

a plurality of output waveguides adapted to receive 
optical signals produced by interference between the 
outputs of the intermediate waveguides. 

f 

20 3. A WDM according to claim 2 in which the plurality of 
intermediate waveguides are of different physical 
lengths . 

4. A WDM according to claim 2 or claim 3 in which the 
2 5 output terminals of the plurality of intermediate 
waveguides are spatially arrayed and the output terminals 
of the plurality of alignment waveguides are peripheral* 
to the array of output terminals of the intermediate 
waveguides . 

30 



5. A WDM according to claim 4 in which the output 
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terminals of the plurality of intermediate waveguides and 
the plurality of alignment waveguides are uniformly 
linearly arrayed and the output terminals of the plural- 
ity of intermediate waveguides are arrayed in order of 
optical length of the intermediate waveguides. 

6. A WDM according to any one of claims 2-5 in which 
the plurality of intermediate waveguides constitute an 
arrayed waveguide grating. 

7. A WDM according to any one of claims 2-6 further 
comprising a star .coupler for interfering the outputs of 
the intermediate waveguides for reception by the plural- 
ity of output waveguides. 

8. A WDM according to any preceding claim in which the 
means for distributing optical signals received from the 
input waveguides comprises a star coupler. 

20 9. An AWG WDM substantially as described herein with 
reference to Figs. 2 et seq. of the accompanying draw- 



10 



15 



25 



30 



ings . 



10. Apparatus for aligning, with a plurality of optical 
fibres, a WDM comprising means for distributing optical 
signals received from a plurality of input waveguides to 
a plurality of output waveguides and a plurality of 
alignment waveguides, in which the signals distributed to 
the plurality of output waveguides are WD multiplexed or 
demultiplexed and the signals distributed to the plural- 
ity of alignment waveguides are not, the apparatus com- 
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prising: 

a light source; 

a first optical fibre block having a plurality of 
optical fibres that are adapted to transmit light emitted 
5 from the light source to the means for distributing 
optical signals of the WDM as the said plurality of input 
waveguides ; 

a second optical fibre block having a plurality of 
alignment optical fibres adapted for alignment with the 
10 plurality of alignment waveguides of the WDM and a plu- 
rality of functional optical fibres adapted for alignment 
with the plurality of output waveguides of the WDM; 

means for measuring the quantity of light output 
from the alignment optical fibres of the second optical 
15 fibre block; and 

a control unit for adjusting the positions of the 
first and second optical fibre blocks and the wavelength 
division multiplexer to respective positions at which the 
measured quantities of light are maximised. 

20 

11. Apparatus according to claim 10, in which the means 
for measuring the quantity of light output from the 
alignment optical fibres comprises a measuring unit for 
measuring the intensity of the light so output. 

25 

12. Apparatus according to claim 10 or claim 11 in which 
the input terminals of the plurality of functional opti-. 
cal fibres are spatially arrayed and the input terminals 
of the plurality of alignment optical fibres are periph- 

30 eral to the array of output terminals of the intermediate 
waveguides . 
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13. Apparatus according to claim 12 in which the input 
terminals of the plurality of functional optical fibres 
and the plurality of alignment optical fibres are uni- 

5 formly linearly arrayed. 

14. Apparatus for aligning, with a plurality of optical 
fibres, a WDM comprising means for distributing optical 
signals received from a plurality of input waveguides to 

10 a plurality of output waveguides and a plurality of 
alignment waveguides, in which the signals distributed to 
the plurality of output waveguides are WD multiplexed or 
demultiplexed' and the signals distributed to the plural- 
ity of alignment waveguides are not, the apparatus being 

15 substantially as described herein with reference to Figs. 
2 et seq. of the accompanying drawings. f 
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